In order to elucidate the ecological role of bacteriophages in the human intestine, we analysed the numbers of coliphages and of coliphage strains present in faecal samples collected from healthy individuals and from patients with certain intestinal diseases. The isolated phages were grouped according to their serological properties. The samples with low phage titres, observed in both healthy subjects and patients, contained mainly temperate phages (many were related to ~b80 and 2), and those with higher titres, observed in patients, contained virulent phages. From successive surveys of coliphages and their host, Escherichia coli, in faecal samples of each subject, it was concluded that temperate phages are maintained in the human intestine through spontaneous induction of lysogenic bacteria. Qualitative and quantitative differences existed between phages isolated from faecal samples from healthy subjects and from patients. Simultaneous changes in the distribution patterns of coliphages and of the clinical symptoms were observed in a continuous survey of a leukaemic patient in a protective environmental ward.
It has been found that the intestinal contents or faeces of certain domestic animals (pigs and cows) may contain fairly large numbers of coliphages (Osawa et al., 1981) , and that RNA coliphages which specifically infect male strains ofEscherichia coli could continue to propagate in the intestine of gnotobiotic mice established with male strains of E. coli but not those established with female strains of E. coil Furthermore, administration of streptomycin gradually led to the disappearance of bacteria and the RNA phages (Ando et al., 1979) . These facts support the idea that the intestine of mammals constitutes one of the natural habitats of bacteriophages.
Stability ofE. coli in the human intestine was observed in a continuous survey, whereas abrupt changes of the bacterial flora, including E. coli, were observed upon administration of antibiotics (Tabaqchali et al., 1977) . The role of bacteriophages in relation to rumen microorganisms has been studied by Orpin & Munn (1974) , and by Iverson & MiUis (1977) , but little is known about the ecological significance of bacteriophages in their natural habitats. We have investigated the ecological role of bacteriophages in the human intestine by determining the numbers of coliphages and the numbers of coliphage strains (serotypes) present in faecal samples collected from both healthy individuals and patients with certain internal and leukaemic diseases.
Preliminary results, obtained by us in the past year, indicated that faecal samples collected from healthy subjects had relatively low titres of coliphages, whereas samples from patients (mainly cases of intestinal diseases) revealed a broad range of high titres. In the present study, we attempted (i) to reconfirm these findings in other populations, (ii) to compare the distribution of coliphage types in both healthy subjects and in patients by serologicaUy classifying the phage strains isolated, and (iii) to check the stability and continuity of coliphages and their host E. coli in the intestine by successive surveys of the same subjects.
Collection of faecal samples, preparation of original phage samples, and isolation and serological groupings of coliphages were essentially the same as those described previously (Furuse et al., 1978) , except for the media employed. In the present study, we used L broth (10 g polypeptone, 5 g yeast extract, 1 g glucose, 5 g NaCI, 1000 ml H20, pH 7-2) supplemented with 2.5 mM-CaC12 for the collection of material, isolation of phage, and preparation of lysates. We initially used 10 laboratory strains ofE. coli K, B and C as host bacteria. We realized, however, that strain C was the best for the isolation of DNA coliphages (especially for temperate phages); this may depend on the absence of any known restriction system in this strain. We therefore adopted E. coli C as the main host in our studies. Dhillon et al. (1976) have also shown the effectiveness of this strain for the isolation of temperate phages from natural sources.
The frequency distribution of total coliphages in the faecal samples collected from healthy subjects (371 samples) was significantly different from that in the samples collected from patients (200 samples). That is to say, samples which had coliphage contents in excess of 105 p.f.u, per g of faeces amounted to only 1.6~o (6/371) in the healthy subjects, whereas the corresponding value for patients was about 14 ~ (15/109). In the latter case, we excluded the data for the patients who had undergone antibiotic therapy (91 samples). It was thus confirmed that samples collected from patients tended to contain more coliphages than those from healthy subjects. No appreciable differences in phage numbers were observed between the samples from patients with intestinal disease and those with other internal diseases.
About 70 ~o of the total coliphage strains isolated were classified into two major groups by such criteria as serological character, host range, plaque morphology, ability to lysogenize, etc. The samples with lower titres from healthy subjects and from patients contained mainly temperate phages, especially of the ;t type (20~) and ~b80 type (33~o), and those with higher titres, from patients, contained mainly virulent phages of various serotypes (Table 1 ). The distribution of virulent phages in both types of sample was significantly different (P < 0.001).
Although E. coli represents only a minor constituent of the normal microbial flora in the human intestine, it was found to remain there fairly stably for periods extending over several months with some occasional fluctuations (Tabaqchali et al., 1977) . In parallel with this observation, stability and continuity of temperate coliphages in the human intestine were also demonstrated in the present study. We collected about 9 serial faecal samples each from 19 healthy subjects at 2-week intervals, between October 1977 and February 1978, and analysed the isolated coliphages serologically. Samples collected from the same individual at different times contained almost the same numbers of coliphages, and they belonged to the same serological types. Many of them were related to the temperate phages ~b80 and 2 (see Table 1 , group H4). It can thus be said that temperate phages in the faeces of healthy subjects tend to be fairly stable as regards their numbers and serological types, at least over periods of about 4 months. Similar results were obtained by analysis of other populations of healthy adults (see Table 1 , group H5) and of newborns (see Table 1 , group H6). In these cases, we selected E. coli strains from the same faecal samples before chloroform treatment and analysed their phage-producing ability upon induction by u.v.-irradiation. Phages isolated from these strains after induction showed fundamentally the same serological properties as those isolated directly from the original phage samples. Thus, faecal temperate phages appear to be released through spontaneous induction of corresponding lysogenic bacteria. Dhillon et al. (1976) reported efficient isolation of temperate coliphages from human faeces in Hong Kong and showed that many of them (80~) were temperate phages related serologically to HK022. In this connection, it is interesting to note that the predominant phage species in the human intestine in the present study were temperate 
Serological classification of coliphages isolated from both healthy subjects and patients
No , 1980) . The details of our protected environmental units (air filtration facilities) have been reported previously (Ozawa et al., 1980) . t Phages 5, 28, 10 (temperate phage) and 25-1, K, 18 (virulent phage) are new isolates. :~ We could classify only 48 ~o of the phages isolated from groups H 1, H2 and H3, because most had very poor burst sizes in liquid culture and showed very small and turbid plaque morphology on plates. § Occurrence of virulent phages in both healthy subjects and patients was significantly different by an association test (P < 0.001).
to phages of the tk80 type. It will be necessary to analyse the serological relationship of ~b80 and HK022.
We also attempted to determine the distribution patterns of coliphages and their hosts in faecal samples collected from leukaemic patients nursed in a protective environmental ward under anti-leukaemic (Neocarzinostatin, cytosine arabinoside, etc.) and anti-bacterial (Cefazolin, Piperacillin, Lincomycin, etc.) chemotherapy. Samples with phage titres of less than 10 p.f.u, per g of faeces were about 82% of the total, as was expected from the successive chemotherapies applied (see Table 1 , group P6). Most of the samples obtained from patients under chemotherapy had few E. coli cells, in parallel with the absence of coliphages. In contrast, three of the five samples collected from patients before entering a protective environmental unit contained phages and the five samples collected from patients after leaving this unit contained phages in appreciable numbers, indicating the rapid recovery of the phage flora in the intestine free from anti-bacterial agents. Most of the phages observed in the lower titre range belonged to temperate phage groups, as in the case of healthy subjects. In contrast, most of the faecal samples collected from leukaemic patients nursed in the open ward of the same hospital had phages in appreciable numbers: most phages were temperate (see Table 1 , group P5).
One prominent feature observed in patient KT during this serial survey was a simultaneous change in the distribution pattern of coliphages and of clinical symptoms. A sudden appearance of W31-type phage was observed on September 17. After a week, the phage titre reached a maximum level of 109 p.f.u, per g of faeces and remained constant at that high level until October 15, the time of our last sampling. The clinical symptoms of this patient began to take a serious turn on September 13, followed shortly afterwards by the outbreak of the phage. He died of septicaemia on November 19. We first detected Serratia on October 15 and re-isolated it throughout our experiment. All the phages isolated from the faecal samples collected at different times from patient KT were W31-related phages (designated KT1 to KT4). In contrast to the appearance of a high titre of W31-related phages, we did not necessarily detect E. coli in the same faecal samples, presumably due to the frequent chemotherapy. The precise nature of the W31-related phages and their hosts requires further characterization (W31 is one of the femalespecific phages and exhibits a slight serological cross-reaction with phage T7). Preliminary experiments revealed that the KT phages can also multiply almost equally well in Serratia isolated from the patient. Bertani et al. (1967) have reported a similar phenomenon observed between coliphage P2 and Serratia.
Patients with diseases of the respiratory organs and of the circulatory system (P1) and with leukaemia (P6) were under medical treatment with several antibiotics; thus, they could be expected to suffer violent changes in the microbial flora of their intestines. Accordingly, the lower phage titres observed in the patient groups, P 1 and P6, are thought to be due to changes in the bacterial flora following the administration of antibiotics. The leukaemic patients nursed in the open ward and receiving no antibiotic treatment showed higher phage titres in their faeces than those in the protected environmental ward, thus suggesting a strict correlation between bacterial and phage titres in faecal samples.
